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Abstract  Keywords 
This paper presents the empirical modelling and investigation of solar panel tilt angle 
analysis. The aim is to determine the best suitable tilt angle for harvesting the optimal 
voltage from the solar panel system. Mono-crystalline solar panel with 220W was used 
to determine the output voltage from the solar panel, along with range of angles 
measured in degree (from 180 to 90) with responding time in hours (from 11:00 a.m. to 
5:00 p.m.) towards the East and West hemispherical directions at Ekpoma. The 
experiment was carried out for duration of one year at Ambrose Alli University, Ekpoma 
(latitude 6.750N and longitude 6.070E).The highest output voltage from solar panel was 
obtained at 1.00 p.m. for the study location while the total output voltage (2745.32V) 
obtained from west hemisphere direction was higher than the voltage (2709.06V) 
obtained from the East hemispherical direction. The best tilt angle suitable for optimal 
voltage harvest is 10 degree. Based on the empirical model deduced, it was observed that 
the output daily voltage at constant angle exhibits a polynomial distribution pattern with 
the least error value of 0.269.  
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1. Introduction 
Sun, which is created by God, has the ability to support life on earth by providing source of energy to living 
things. Sunlight refers to the total frequency spectrum of electromagnetic radiation (mostly infrared, visible and 
ultraviolet light) given off by the sun. On earth, sunlight is being filtered through the atmosphere and is 
observable as daylight when the Sun is over the horizon.  Conversely, when the radiation is obstructed by clouds, 
it is experienced as night or diffused light. The quantity of heat energy received at any site on the earth is a direct 
effect of the sun angle on climate. Seasonal variations in the angle of sunlight, which are caused by the tilt of the 
Earth’s axis, are the basic mechanism that results in warmer weather in summer than in winter (Rizk & Nagarial, 
2009).  
The existence of nearly all the living things, both, autotrophs and heterotrophs are supported by sunlight 
from the sun. Autotrophs utilise energy of the sunlight, in addition with water and carbon dioxide to produce 
simple sugar. This process is known as photosynthesis. On the other hand, heterotrophs use sunlight indirectly 
by consuming either autotrophs or their products (Kreith & Kreider, 2012; Theraja & Theraja, 2004). The nature 
environment, perhaps, has being altered by man activities and human quest for better life. These activities on 
earth are generating pollutions which are hazardous to mankind on earth (Okundamiya & Nzeako, 2013). 
Therefore, efforts should be made by respective agencies to encourage research that would make the 
environment friendly. In this light, the solar power system, which is environmentally friendly, is considered in 
this research.  
The major component of solar power system is the solar panel, which is used to generate electrical power 
from the light radiation from the Sun (Evbogbai et al., 2009). In recent time, researchers including Enda et al. 
(2011), Okundamiya & Nzeako (2011), Fawaz et al. (2012) and Uba & Sarsah (2013) have stressed the importance 
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of obtaining maximum voltage output from solar panels, based on tilt angle placement. But similar researches 
have not been carried out in the location under this study. Moreover, despite various tilt angle models, the 
distribution pattern of voltage has not been determined. These gaps in the literature has motivated the present 
study.  
2. Methodology  
This study is on empirical modelling and investigation of solar panel tilt angles using mono-crystalline solar 
panel. The experiment was carried out at Ambrose Alli University Ekpoma, using a solar panel with rated power 
of 220W, maximum power voltage (Vmp) of 33.1V, maximum power current (Imp) 6.54A, open circuit voltage 
(Voc) 41.8V, short circuit current (Isc) 7.92A, power tolerance (%) +5% and maximum system voltage (V) of 
1000VDC. Also, the additional equipment used includes precision level, protractor and voltmeters. The voltmeter 
was used to measure the voltage from the precision tilt angles. The corresponding voltages were obtained from 
various angles (in degrees) and the intensity of sunlight at various times (in hours). The voltage values obtained 
were simulated using Microsoft Excel to obtain a model. A swing table was constructed and attached with solar 
panel and protractor to measure the angle. Also, a voltmeter was connected to solar panel used to measure the 
voltage with corresponding angles in degree as presented in Figure 1. 
 
 
Figure 1: Voltage measurement from the position of solar panel tilting process  
3. Results and Discussion 
Figure 2 presents the corresponding voltages obtained in volts with various angles in degree and different time 
in hours. These corresponding voltages were obtained from solar panel output from west direction hemisphere. 
The total voltage obtained from the corresponding angles from the west hemisphere is shown in Figure 3. It is 
observed that tilt angle of 10 degrees the best output voltage from solar panel in direction of the west hemisphere 
was harvested. 
 
Figure 2: Measured voltage versus tilt angles due West Hemisphere direction 
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Figure 3: Voltage summation from the corresponding tilt angles due west hemisphere direction 
 
Figure 4 shows the corresponding voltage with various tilt angles at different time in hours. These 
corresponding voltages were obtained from solar panel output from East hemisphere direction. The total voltage 
obtained from the corresponding angles from the south hemisphere is shown in Figure 5. It is observed that tilt 
angle 180 degrees has the best output voltage from solar panel in direction of the east hemisphere followed 
closely by tilt angle 10 degrees.  
The comparison of the total voltage output between the west and east hemisphere direction of the solar 
panel is presented in Figure 6. It is observed that the total voltage output from the solar panel in the direction 
of the west hemisphere has the highest voltage (2745.32V) compared with the solar panel in the direction of the 
East hemisphere voltage with 2709.06V. The first bar column from the left is the voltage output from south 
hemisphere direction of the solar panel. While the second bar column from the left is the voltage output from 
south hemisphere direction of the solar panel. 
 
 
Figure 4: Measured voltage versus tilt angles due east hemisphere direction 
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Figure 5:  Voltage summation from the corresponding tilt angles due east hemisphere direction 
 
 
Figure 6: Comparison of the total voltage output between the south and north hemisphere  
direction of the solar panel  
 
Figure 7 presents the voltage output from the solar panel with variation of the angle in degrees towards the 
west hemisphere direction to the sun within a few seconds while Figure 8 shows the developed polynomial 
model. 
 
Figure 7: Output voltages with the corresponding fixed angle at constant time. 
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Figure 8: Polynomial distribution pattern of output voltages at constant angle. 
 
The maximum voltage is obtained between 12.00 Noon and 2.00 Pm; however 1.00 pm has the highest 
output voltage from solar panel. This 1.00 Pm followed the position of Nigeria in the globe. Nigeria is situated 
at location of 1hour ahead the Greenwich meridian, while a country like Ghana lies along the Equator, which 
implies that optimal voltage will be obtained at 12.00 Noon. The output voltage from the tilt solar panel at 100 
degree angle is modelled using excel program. It is observed, that the output voltage in a day exhibits a 
polynomial distribution pattern. Also, it possesses the least error or R squared value of 0.269 with equation (1).  
   𝑦 = 0.044𝑥2 + 0.308𝑥 + 39.68        (1) 
The polynomial distribution is based on the standard power series expansion of the natural logarithm function, 
and this is also known as the polynomial series distribution, it is a discrete probability distribution. The various voltages 
with the corresponding angles from the range of 1800 degree to 900 degree were shown, it was observed from 
the investigation that 100 degree angle has the highest voltage in the direction of west hemisphere, therefore to 
obtain a maximised voltage from the solar panel, 100 degree angle should be used as the tilt angle for solar panel 
in direction of west (Sun set) direction. 
4. Conclusion 
In this paper, a methodology to obtain the optimal voltage from solar panels from the daily sunlight was 
developed; this could enable the solar photovoltaic system serve as an alternative power system to the 
conventional power supply. The major factor considered in this paper was to determine the output voltage from 
solar panels with the corresponding tilt angles of the solar panels. The experiment was carried out at Ambrose 
Alli University Ekpoma. The highest output voltage from solar panel was obtained at 1.00 p.m. based on the 
geographical location on the globe. The model developed followed the polynomial distribution pattern with an 
R squared value of 0.269. 
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